ABSTRACT: The movement of animals on roads often causes a collision with vehicles. This not only results in the loss of animal population, but also in social losses -consequences of road accidents. This issue can be dealt with by restricting the movement of animals across roads -most commonly by fencing along roads in combination with construction of overpasses for safe crossing over roads. However, these measures also have their drawbacks -fragmentation of landscape, costs on construction and maintenance. These measures should be designed on the basis of an analysis of migration routes of animals, migration potential of an area (and thus increased movement of animals over a road), and on the basis of characteristics of the traffic flow on a given road. In 2011-2014, EDIP co. together with HBH Projekt have been working on a research project focused on the methodology for optimization of designing measures which should guide/regulate the movement of animals across the road. EVERNIA co. also participates in the project. The project is financially supported by the Technological Agency of the Czech Republic. The outcome will come in the form of a methodology which becomes a part of the regulations for designing roads.
INTRODUCTION
Migrations of animals at local, regional and higher than regional levels maintain balance between populations of animals, allow for the exchange of genetic information, even use of food sources and last, but not least they allow for the reactions of animals to changes in the environment and climate. Breaking a migration route by a construction of a road and the subsequent traffic causes stress to animals due to prevented freedom of movement, which may lead to two different situations. First, animals stop migrating and the local population losses contact among themselves. The other situation comes in the case of the migration habits of the animals being so strong that instinct overcomes the stress of road crossing. The success of crossing depends on the animal species, road category and traffic volume (EDIP, 2012) .
Animals crossing roads cause collisions with vehicles and consequently losses in the population of migrating animals as well as social losses occurring due to road accidents. This issue can be dealt with by regulating animal movement over roads -most commonly by fencing the entire road section in combination with corridors for safe crossing of roads (ecoducts over roads, high capacity bridges, guiding stripes). Large financial resources are spent on the application of different measures to allow for animal migration over roads of different types.
The design of these measures should be realized on the basis of an analysis of animal migration routes and area migration potential.
So far no complex methodology has been developed that would take into account the following:
 real effect of these measures on individual animal populations,  economic efficiency of these measures,  necessity of these measures -fencing, ecoducts ("when to implement, and when not yet"), in relation to traffic volume on roads.
All of the three aforementioned points are closely related to the probability of a potential conflict, which, apart from the frequency of occurrence of different animals, is directly influenced by another factor -character of traffic flow (particularly the gaps between vehicles) at sites of potential collision of vehicles with migrating animals (EDIP, 2007) .
PRINCIPLE OF METHODOLOGY
The methodology is based on an expert evaluation of factors which influence the number of collisions with animals. These effects concern both the road, and the animals. Regarding the road, particularly the technical road parameters are concerned: The methodology takes all of these factors into account and tries to quantify them. Since quantification is difficult concerning animals in most cases, the methodology works with point scales.
3 BASIC DATA ON ACCIDENTS WITH ANIMALS Accidents with game (or generally called animals, we use both terms further on in the text as equivalents) make up approx. 5% of all accidents on the road network in the Czech Republic. 1 person dies with 3900 road accidents every year, 9 are severely injured and 85 are slightly injured. Material damage of these accidents amounts to CZK 155m per year (EDIP, 2012) .
The evaluation concerned the road accidents recorded by Czech police in 2009-2012 which in their statistical forms contained "collision with game" in the item "Accident type" (see Table 1 ). Another group concerns accidents when the driver claims his/her behaviour was affected by animal(s) on the road. There are approx. 300 accidents of this type. In order to present a more objective comparison, we calculate relative accident rate with animals on individual road categories (and classes) related to road lengths and traffic performance on them (see Table 2 , Figure 1 and Figure 2 ). If we relate the number of accidents with animals to traffic performance (which is an objective indicator or relative accident rate), motorways are the most hazardous and the indicator of relative accident rate grows with decreasing category of road.
MIGRATION PRESSURE
The evaluation of local migration, or rather migration pressure modelling, is based on the evaluation of ecological migration potential evaluation (MPE), which is described in detail in "TP 180: Migrační objekty pro zajištění průchodnosti dálnic a silnic pro volně žijící živočichy" (Migration structures to provide permeability of roads and motorways for wild animals) (Anděl, 2006) . These guidelines form basic frameworks for the designing of migration structures on roads and motorways in the Czech Republic. They define the terms, perform categorization of animals in terms of the requirements for migration structures, and describe recommendations as to technical solutions and dimensions of migration structures. The guidelines introduce the obligation to produce a so-called migration study -evaluation of migration routes of wild animals and design of measures to reduce the road barrier effect -at the stage of investment preparation for building roads. The migration study is a necessary prerequisite for ecological, technical and economic optimization of solutions (Anděl et al., 2011) . In the first stage, MPE is defined on the basis of an analysis of an area and expresses a probability of an area being used for migration (migration pressure before construction). Its evaluation is based on the current and prospective landscape situation. Long-term survey of an area in question is an inseparable part.
The value of MPE can be determined homogeneously for the whole length of a road in question or it can be determined separately for individual road segments and animal categories according to changing conditions of the local environment.
The evaluation of the total ecological migration potential is performed by an educated estimate -synthesis of individual factors which is used for the ratio between positive and negative properties for migration.
The following table shows an overview of possible levels which are defined for individual partial factors of migration pressure. Grey marked boxes indicate that the level is not defined for a given factor. The synthesis of individual factors can also be performed by the sum of their levels. The resulting value of the total ecological migration potential ranges between 0.0 and 1.0 according to the following table. In order to determine the probability of a collision of a vehicle and animal, we need to know both the model of vehicle gaps on the road, and behaviour of animals crossing the road (Martolos & Anděl, 2007) . Traffic flow consists of individual vehicles and gaps between them (Medelská et al., 1991) . These gaps can be used by animals to cross the road. The frequency of gaps particularly depends on traffic volume. A simple exponential distribution is derived from the Poisson process of the number of vehicles which run through a given place on a road for a time interval t, under the assumption of random movement of vehicles on the road (i.e. it is not influenced by other factors, such as vicinity of junction, traffic restrictions, etc.) (Karlický & Slabý, 1983) . The density of probability of a simple offset exponential distribution of time gaps is in the form of: (Pistulka, 1970) . In order to determine the probability that the time interval W is higher than t [s], the summation function (summation line) is used. This is given by an equation for a simple non-offset exponential distribution: Figure 3 shows the so-called summation lines of the interval occurrence (i.e. probability of occurrence of an interval longer than the given time) for different traffic volumes.
Since the traffic volume fluctuates during the day (so-called daily variations of traffic volumes) (Martolos, 2012) , graphs were created showing the probability of intervals shorter than t (s) for different hourly traffic volumes -see Figure 4 . If we know the time an animal moves for/on the road, which is not an easy task, we are able to calculate a probability of a collision with the given animal. In addition, if we know the distribution of the probability of occurrence of an animal on the road during the day (which can be guessed from the behaviour of individual species and from performed research by photo traps), we are able to calculate the probability of the number of collisions for a given time period (Martolos & Anděl, 2013) .
If we know the migration pressure and collision probability, it is possible to guess the number of hit individuals on a given road segment and evaluate the effectiveness and character of measures for reducing collisions between vehicles and animals.
CONCLUSION
The answer to the question whether to use a fence or not, or what other measures to use, depends on many factors. Some of them can be clearly defined and specified, but some (as it is very common in the area of ecological issues) can be precisely determined with difficulties. Therefore, there will always be room for professional opinion 
